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Boston Edison

Pignim Nuclear Power Station
Rocky Hill Read
Plymouth, Massachusetts 02360

December 19, 1995
L. J. Olivier BECo Ltr. #95- 126

Vice Presidgent Nuclear Operations
and Station Director

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Docket No. 50-293
License No. DPR-35

Information Requested by German Federal Office for Radiation Protection

Please find enclosed the information relating to Pilgrim Nuclear Power Station requested by the
German Federal Office for Radiation Protection. The request pertained to plant design relating to
the ventilation system and emission data from 1973 to 1979. The plant design data is comprised
of applicable sections of the plant Final Safety and Analysis Report and plant ventilation
drawings. The emission 1ata is comprised of applicable pages of the semi-annual reports mac =
to the NRC during the ¢ of concern. Additionally enclosed are copies of followup
epidemiology studies th y be of interest to the German authorities. An index to the
encicsures tollows.

Please contact Jeffrey Calfa at (508) 830-8108 for questions relating to the plant design data and
this letter in oeneral and Thomas Sowdon at (508) 830-8834 for questions relating to the
emissions data and the epidemiology followup studies. Thank you
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Senior Resident Inspector
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5.1 SUMMARY DESCRIPTION
§.1.1 General

Tle containment systems of Pilgrim Nuclear Power Station utilize a
"moitibarrier" concept which consists of two systems. The Primary
Containment System (PCS) is a pressure suppression system which forms
the first barrier. The Secondary Containment System (SCS) is a
system which minimizes the ground level release of airborue
radioactive materials, and forms the second barrier. The fuel, fuel
cladding, and Reactor Primary System (RPS) form additional barriers
to the release of fission products and are described in Section 3.2.

§.1.2 Primary Containment System

The PCS houses the reactor vessel, the Reactor Coolant Recirculation
System and other branch connections of tihe Reactor Coolant System
(RCS). The primary containment is a pressure suppression syscem
consisting of a drywell, pressure suppression chamber which stores a
large volume of water, a connecting vent system between the drywell
and water pool, isolation valves, vacuum relief system, containment
cooling systems, and other service equipment. The drywell is a steel
pressure vessel in the shape of a light bulb, and the pressure
suppression chamber is a torus shaped steel pressure vessel located
below and encircling the drywell.

The PCS is designed to withstand the forccs from any size k) ach of
the nuclear system primary barrier up to and including an
instantaneous circumferential break of the reactor recirculation
piping, and provides a holdup time for decay of any radioactive
material released. The PCS also stores sufficient water to condense
the steam released as a result of a breach in the nuclear system
primary barrier and to supply the Core Standby Cooling Systems
(CSCS).

$.1.3 Secondary Containment System

The SCS encloses the PCS, the refueling and reactor servicing areas,
new and spent fuel storage facilities, and other reactor auxiliary
systems. The SCS serves as the only containment during reactor
refueling and maintenance operations, when the primary containment is
open, and as an additional barrier when the PCS is functional. The
SCS consists of the reactor building, Standby Gas Treatment System
(8GTS), main stack, Reactor Building Isolation and Control System
(RBICS), and other service equipment.
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The SCS is designed to withstand the maximum postulated seismic
event, and be capable of providing holdup treatment, and an elevated
release point for any fission products released tc it. 1In addition,
the Reactor Building is designed to provide protection for the
engineered safeguards and nuclear safety systems located in the
building from all postulated environmental events including
tornadoes.

$.1-2
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5.2 PRIMARY CONTAINMENT SYSTEM W e
Use restriciod to

5.2.1 Safety Objective Eefgrgngﬂ

The safety objective of the Primary Containment System (PCS) is to
provide the capability in conjunction with other safeguard features,
to limit the release of fission products in the event of a postulated
design basis accident (DBA) so that offsite doses would not exceed
the guideline values set forth in 10CFR100.

§.2.2 Safety Design Basis

1. The PCS shall have the capability of withstanding the conditions
which could result from any of the postulated DBAs for which the
PCS is assumed to be functional, including the largest amount of
energy release and mass flow associated with the accident.

2. The PCS shall have a margin for metal water reactions and other
chemical reactions subseguent to any postulated DBA for which the
PCS is assumed to be functional, consistent with the performance
objectives of the nuclear safety systems and engineered
safeguards.

3., The PCS shall have the capability to maintain its functional
integrity during any postulated external or environmental event.

4. The PCS shall have the capability to be filled with water as an
accident recovery method for any postulated DBA in which a breach
of the nuclear system primary barrier cannot be sealed.

§, The PCS, in conjunction with other Nuclear Safety Systems and
engineered safeguards, shall have the capability to limit leakage
during any of the postulated DBAs for which it is assumed to be
functional, such that offsite doses do not exceed the guideline
values set forth in 10CFR100.

6. The PCS shall have the capability to rapidly isolate all pipes or
ducts necessary to establish the primary containment barrier.

7. The PCS shall have the capability to store sufficient water to
supply the Core Standby Cooling System (CSCS) requirements.

8. The primary containment shall have the capability to be

maintained during normal operation within the range of initial
conditions assumed in the Station Safety Analysis in 5ection 14.

$.2.3 Description

$.2.3.1 General

The design employs a Low Leakage Pressure Suppression Containment
System which houses the reactor vessel, the reactor coolant

recirculating loops, and other branch connections of the Reactor
Primary System. The Pressure Suppression System consists of a

5.2-1
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drywell, a pressure suppression chamber (torus) which stores a large
volume of water, a connecting vent system between the drywell and the
pressure suppression pool, isolation valves, Vacuum Relief System,
Containment Cooling Systems, and other service eguipment. The PCS
design parameters are given on Table 5.2-1.

In the event of a Process System piping failure within the drywell,
reactor water and steam will be released into the drywell gas space.
The resulting increased drywell pressure forces a mixture of air,
steam, and water through the vent system into the pressure
suppression pool. The steam condenses rapidly in the suppression
pool resulting in rapid pressure reduction in the drywell. Air
transferred during reactor blowdown to the suppression chamber
pressurizes the chamber, and subsequently is vented to the drywell
through the vacuum relief system as the pressure in the drywell drops
below that in the suppression chamber.

Cooling systems are provided to remove heat from the water in the
suppression chamber. This provides for continuous cooling of the
primary containment under the postulated DBA conditions for which the
PCS is assumed to be functional. Isolation valves are provided to
ensure containment of radioactive materials within the primary
containment, which might be released from the reactor to the
containment during the course of an accident. Other service
equipment is provided to maintain the containment within 1its design
parameters during normal operation.

The drywell (primary containment) coolers are designed to maintain
drywell atmosphere temperatures within an acceptable range during
normal station operation. See Table 5.2-2. The reduction of
atmosphere temperature by the coolers will also result in partial
condensation of water vapor when the incoming humidity levels are
high.

The drywell fan motors are rated for continuous operation 1in
atmospheres having 100 percent rh and 104°F temperatures. In the
design of the cooler, the motor has been placed in the exhaust of the
cooler where the leaving air temperature is a maximum of 95°F, so
that the motor is exposed to the lowest humidity and lowest
temperature atmosphere available within the drywell. Pressure
increases to the 2.5 psig high drywell pressure condition used to
sense a possible loss of coclant accident (LOCA) would not affect the
continued operability of the coolers. The drywell coolers are
automatically shut down in the event of a LOCA combined with the loss
of offsite ac power.

The drywell coolers, including the fans, with their power and control
systems were tested during the preoperational tests at the station to
demonstrate the required operability of the power and control
systems, the fans, and the Reactor Building closed cooling water
supply to the coolers. The capability of the coolers to maintain the
required drywell atmosphere temperatures was verified during the
startup program as the drywell heat loads increased during the heatup
and pressurization of the Nuclear Steam Supply System.

5.2-2
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The Reactor Building Closed Cooling MWater System (RBCCHWS) piping
supplying the drywell coolers will be revised to seismic Class I to
maintain the pressure boundary integrity of this piping under seismic
loading. Refer to Section 10.5.5.1. The drywell coolers were
originally purchased as seismic Class 1 equipment to serve as pressure

boundary only.

The PCS design loading considerations are given in Section 12 and
Appendix C. The Station Safety Analysis presented in Section 14
demonstrates the effectiveness of the PCS as @ radiological barrier.
In ad¢ition, primary containment pressure and temperature transients
from * sstulated DBAs are also presented in Section 14.

5.2.3.2 Drywell

The drywell is a steel pressure vessel with a spherical lower portion,
64 ft in diameter, and a cylindrical upper portion 34 ft 2 inches in
diameter. The overall height is approximately 110 ft. The design,
fabrication, inspection, and tesiing of the drywell vessel complies
with requirements of the ASME Boiler & Pressure Vessel Code, Section
111, Subsection B, Requirements for Class B Vessels, which pertain to
containment vessels for nuclear power stations.

The drywell structure is designed for an internal pressure of 56 psig
coincident with a temperature of 281°F with applicable dead, live, and
seismic loads imposed on the shell. Thus, in accordance with the ASME
Code, Section III, Code Case N-1312-(2), the maximum drywell pressure
is 62 psig. Thermal stresses in the steel shell due to temperature
gradients are taken into account in the design.

Special precautions not required by codes were taken in the
fabrication of the steel drywell shell. Charpy V-notch specimens were
used for impact testing of plate and forging material to give
assurance of proper material properties. Plates, forgings, and pipe
associated with the drywell have an initial NDT temperature of O°F or
lower when tested in accordance with the appropriate code for the
materials. It is intended that the drywell will not be pressurized or
subjected to substantial stress at temperatures below 30°F.

The drywell is enclosed in reinforced concrete for shielding purposes,
and to provide additional resistance to deformation and buckling in
areas wherc the concrete backs up the steel shell. Above the
transition zone, the drywell is separated from the reinforced concrete
by a gap of approximately 2 in. Shielding over the top of the drywell
is provided by removable, segmented, reinforced concrete shield plugs.

In addition to the drywell head, one double door air lock and two
bolted equipment hatches are provided for access to the drywell. The
locking mechanisms on each air lock door are designed so that a tight
seal will be maintained when the doors are subjected to design
pressures. The doors are mechanically interlocked so that neither
door may be operated unless the other door is closed and locked. The

5.2-3 Revision 14 - June 1992
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drywell head and equipment hatch covers are bolted in place and sealed
with gaskets.

The spectrum of primary system leak rates up to a double ended
blowdown of a recirculation 1line has been analyzed relative to the
temperature and pressure response of the drywell. Steam issuing from
a leak and expanding at constant enthalpy may result in a superheated
containment atmosphere. The maximum amount of superheat possible is a
function of both the source pressure (reactor pressure) and the
receiver pressure (drywell). The enthalpy of saturated steam goes
through a maximum value at a reactor pressure of 400 to 500 psia.
Steam issuing from a leak at this pressure will result in the maximum
superheat for a given containment pressure.

If a steam leak occurs, the containment pressure and temperature
increase at a rate dependent on the size of the leak, containment
characteristics, and the pressure of the reactor. The containment
pressure and temperature rises as noncondensable gases are swept into
the suppression chamber. Containment pressure levels off after all
noncondensable gases are driven finto the suppression chamber. The
containment shell temperature rises as steam condenses on the
relatively cool wall. When the drywell shell temperature reaches the
caturation temperature dictated by this containment pressure, steam
condensation is terminated. The o ¢ energy available to further
increase the wail temperature is tue superheat energy. The result is
a decrease in the rate of temperature rise of the drywell shell and an
increase in the bulk atmosphere temperature of the drywell.

Figure 5.2-1 illustrates the reactor vessel Qressure response to steam
leaks ranging in size from 0.02 to 0.50 ft*. Figures 5.2-2 through
5.2-6 i1lustrate the containment response to steam leaks covering the
same size range. The response of the containment to small steam leaks
is slow, but the continued high reactor pressure results in high
containment temperature, given enough time. Leaks so small that the
high drywell pressure trip does not occur will not result in a high
temperature. Leaks large enough to result in a high containment
temperature will be large enough to sweep air into the suppression
chamber and result in significant drywell pressure increase. Large
leaks will either depressurize the reactor rapidly or result in auto-
relief such that steam temperatures, reaching levels up to 330°F, will
not persist long enough to result in structural wall temperatures
exceeding 281°F.

Safety grade temperature monitoring instrumentation is provided ir the
Control Room so that ictivation of one of the two containment sprays
would be effective ir terminating the temperature rise because the
superheat is quickly removed. The spray nozzles are designed to give
a small particle size, and the heat transfer to the subcooled spray is
very effective. Since the total amount of heat in the drywell
atmosphere s low relative to the spray rate, the containment
atmosphere temperature 1is quickly reduced to near the spray
temperature.

5.2-4 Revision 14 - June 1992
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A drywell pressure condition exceeding 10 psig was selected as the
basis for determining when to initiate the containment spray. See
Figure 5.2-7 for time required to reach 10 psig. The operator will be
instructed to initiate the containment sprays if containment pressure
exceeds 10 psig for longer than 30 min. Safety grade pressure
monitoring instrumentation is provided in the Control Room for this
purpose. This procedure will ensure that the containment wall never
exceeds 281°F. Depressurization of the reactor vessel can take place
at the norma! rate, but depressurization is not required to ensure
that the wall temperature remains below 281°F. The environmental
conditions considered in the design of the reactor protective system
inctrumentation, engineered safety feature equipment, and the
qualification tests that have been conducted are described in Section
7.1.8. The analyses of steam leaks inside the containment is given in
detail in references 7 and 8.

§.2.3.3 Pressure Suppression Chamber and Vent System

£.2.3.5.1 General

The pressure suppression pool, which is contained in the pressure
suppression chamber, initially serves as the heat sink for any
postulated transient or accident condition in which the normal heat
sink, main condenser, or Shutdown Cooling System is unavailable.
Energy is transferred to the pressure suppression pool by either the
discharge piping from the reactor pressure relief valves or the
Drywell Vent System. The relief valve discharge piping is used as the
energy transfer path for any condition which requires the operation of
the relief valves. The Drywell Vent System is the energy transfer
path for all energy releases to the drywell.

Of all the postulated transient and accident conditions, the
instantaneous circumferential rupture of the reactor coolant
yecirculation piping represents the most rapid energy addition to the
pool. For this accident the vent system, which connects the drywell
and suppression chamber, conducts flow from the drywell to the
suppression chamber without excessive resistance and distributes this
flow effectively and uniformly in the pool. The pressure suppression
pool receives this flow, condenses the steam portion of this flow, and
releases the noncondensable gases and any fission products to the
pressure suppression chamber air space.

5.2.3.3.2 Pressure Suppression Chamber

The pressure suppression chamber is a steel pressure vessel in the
shape of a torus below and encircling the drywell, with a centerline
vertical dia of 29 ft 6 in and a horizontal dia of 131 ft 6 in._ The
pressure suppression chamber contains approximately 84,000 ft3 of
water and has a net air space above the water pool of approximately
120,000 ft>. The suppression chamber will transmit seismic loading to
the reinforced concrete foundation slab of the Reactor Building. Space
is provided outside of the chamber for inspection.

5.2-5 Revision 14 - June 1992
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The toroidal suppression chamber is designed to the same material and
code requiremenis as the steel drywell vessel. The material has an
NDT temperature of O°F or less.

5.2.3.3.3 Vent System

Large vent pipes connect the drywell and the pressure suppression
chamber. A total of eight circular vent pipes are provided, each
having a dia of 6.75 ft. The vent pipes are designed for the same
pressure and temperature conditions as the drywell and suppression
chamber. Jet deflectors are provided in the drywell at the entrance
of each vent pipe to prevent possible damage to the vent pipes from
jet forces which might accompany a pipe break in the drywell. The
vent pipes are fabricated of SA-516 steel, and comply with
requirements of the ASME Boiler and Pressure Vessel Code, Section III,
Subsection B. The vent pipes are provided with expansion joints which
are enclosed within sleeves, to accommodate 4ifferential motion
between the drywell and suppression chamber.

The drywell vents are connected to a 4 ft 9 in dia vent header in the
form of a torus which is contained within the airspace of the
suppression chamber. Projecting downward from the header are 96
downcomer pipes, 24 inches in dia, terminating approximately 3.00 to
3.25 ft below the water surface of the pool. The vent header has the
same temperature and pressure design requirements as the vent pipes.
Vent pipes and vent headers are braced to withstand expected loads
from steam blowdown into the pool.

5.2.3.3.4 Pressure Suppression Pool

The pressure suppression pool 1is approximately 84,000 ft3  of
demineralized water contained within the pressure suppression
chamber. It serves both as a heat sink for postulated transients and
accidents and as a rource of water for the CSCS.

The suppression pool receives energy in the form of steam and water
from the reactor pressure relief valve discharge piping, or the
drywell vent system downcomers which discharge under water. The steam
is condensed by the suppression pool. The condensed steam and any
water carryover cause an increase in pool volume and temperature.
Energy can be removed from the suppression pool when the Residual Heat
Regoval System (RHRS) is operating in the suppression pool cooling
mode .

The suppression pool is the primary source of water for the Core Spray
and Low Pressure Coolant Injection (LPCI) Systems, and the secondary
source of water for the Reactor Core Isolation Cooling (RCIC) and High
Pressure Coolant Injection (HPCI)  Systems. The water

5.2-6 Revision 10 - July 1989
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level and temperature of the suppression pool are continuously
monitored in the main control room.

5.2.3.4 Penetrations
5.2.3.4.1 General
Containment penetrations have the following design characteristics:

1. They are designed for the same pressure and temperature
conditions as the drywell and pressure suppression chamber

2. They are capable of withstanding the forces caused by
impingement of the fluid from the rupture of the largest
local pipe or connection without failure

3. They are capable of accommodating the thermal and mechanical
stresses, which may be encountered during all modes of
operation including environmental events, without failure

4. They are capable of withstanding the maximum reaction that
the pipe to which they are attached is capable of exerting

The penetration schedule, including the number and size of these
penetrations, 1is shown on Table 5.2-3. Load combinations and
allowable stresses are described in Appendix C.

5.2.3.4.2 Pipe Penetrations

Two general types of pipe penetrations are provided. Type 1 1s usea
where the design must accommodate thermal movement. Figure 5.2-9 21s
typical of this type of psnetration. Type 2 1s used where stresses
due to thermal movement are relatively small. Typical penetrations
of this type are 1illustrated on Figures §.2-10 and 5.2-11.
Figure 5.2-12 shows a typical instrumnent penetration.

The piping penetrations which have special provisions for thermal
movement, such as the steam lines, are shown on Figure 5+29. In
these penetrations, the process line 1is encloseé in a guard pipe that
ijs attached to the main steam line through a multiple head fitting.
This fitting is a one-piece forging with integral flues or nozzles
and 1s designed to meet all requirements of the ASME Boiler and
Pressure Vessel Code, Section III, Class B. The forging 1is
radiographed and ultrasonically tested as specified by this code.
The guard pipe and flued head are designed to the same pressure
requirements as the process line. The process line penetration
sleeve is welded to the drywell, and extends through the biclogical
shield where it is welded to a two-ply expansion bellows assembly,
which in turn 1is welded to the flued head fitting. The pipe 1s
guided through pipe supports at the end of the penetration assembly
to allow steam pipe movement parallel to the penetration, and to
limit pipe reactions of the penetration to allowable stress levels.

5.2-7 Revision 2 - July 1983
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Where necessary, the penetration assemblies are anchored outside the
containment to limit the movement of the line relative to the
containment, The bellows accommcdates the relative movement between
the pipe and the containment shell.

The design of the penetration takes into account the stresses
associated with normal thermal expansion, live and dead loads,
seismic loads, and loads associated with a LOCA within the drywell.
The design takes into account the lr.dings given above in addition to
the jet force loadings resulting from any pipe failure. The
resultant stresses in the pipe and penstraticn for the condition do
not excesd 90 percent of the material yield stress.

The cold piping, ventilation duct, and instrument line penetrations
are generally welded directly to the sleeves. In some cases, wheve
stress analyses indicate the need, double flued head fittings ave
used. Bellows and guard pipes are not necessary 1in these designs,
since the thermal stresses are small and are accounted for in the
design of the weld joint.

£.2,.3.4.3 Electrical Penetrations

The electrical penetrations include electrical pover, signal, and
instrument leads. Typical electrical penetrations are shown on
Figures 5.2-13, 5.2-14, and §.2-15. The penetrating sleeve 1s welded
to the primary containment vessel. Hedium voltage power penetrations
primary seals are made of alumina-ceramic materials. The seals are
formed at 1,300°F or higlier, and thus the Lemperatures to which the
seals would be exposed during a LOCA would have no adverse effect on
their leaktightness characteristics.

The electrical penetrations used for low voltage power, control, and
instrumentation cable and for coaxial cable utilize either Al,0; or a
bonding resin to maintain the leaktight integrity of the containment
penetrating sleeves, A prototype of the penetration assembly which
utilizes a bonding resin has been tested by exposing the interaior
face of the penetration assembly to the following environmental
conditions: 281°F, 63 psig internal pressure, 90-100 percent rh for
10 days. An additional test at 320°F, 125 psig internal pressure and
90-100 percent rh for 2 hr was conducted. Tile pressure retaining
capability of the penetration assembly was maintained throughout the
duration of the tests,

The leak rate was monitored during the test and did not exceed
24 cc/hr of nitrogen through the inner seal. The outer seal 1s not
exposed to high temperatures during an accident and therefore the
overall leak rate through both seals 1s 1076 cc/sec.

Additional tests were planned to certify the pressure retaining
capability of those penetrations utilizing bonding resin at 340°F,
100 percent rh for 30 min.

A prototype of the penetrations using a polysulfone seal has been
qualified to the following environmental conditions: 340°F, 110 psig

5.2-8
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for 6 hr: 320°F, 75 psig for 3 hr; and 260°F, 20 psig for 12 days. The
inboard gnd/or outboard seal possessed a leak rate that was less than
5.3 x 10° cc/sec helium,

Section 7.1.8 states that qualification tests were to be conducted on
the medium voltage electrical penetrations, including leakage tests,
following environmental exposures in excess of the design basis LOCA
conditions.

5.2.3.4.4 Traversing Incore Probe Penetrations

Traversing incore probe (TIP) guide tubes pass from the Reactor
Building through the primary containment. Penetration of the guide
tubes through the primary containment are sealed by means of brazing
which meets the requirements of the ASME Boiler and Pressure Vessel
Code, Section VIII. These seals would also meet the intent of Section
111 of the code even though the code has no provisions for gqualifying
the procedures or performances.

5.2.3.4.5 Personnel and Equipment Access Locks

One personnel access lock is provided for access to the drywell. The
lock has two gasketed doors in series, and each door is designed to
withstand the drywell design pressure. The doors are mecnanically
interlocked to ensure that at least one door is locked at all times
when primary containment is required. The locking mechanisms are
designed so that a tight seal will be maintained when the doors are
subjected to either the design internal or external pressure. The
seals on this access opening are capable of being tested for leakage.

A personnel access hatch with testable seals is provided on the
drywell head. This hatch is bolted in place.

Two equipment access hatches with testable seals are also provided.
These hatches are bolted in place.

5.2.3.4.6 Access to the Pressure Suppression Chamber

Access to the pressure suppression chamber is provided at two
locations from the Reactor Building. There are two 4 ft dia manhole
entrances with double gasketed bolted covers connected to the chamber
by 4 ft dia steel pipes.

5.2.3.4.7 Access for Refueling Operations

The drywell vessel head is removed during refueling operations. The

head is held in place by bolts and is sealed with a double-seal
arrangement.

5.2-9
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§.2.3.5 Primary Containment Isolation Valves

5.2.3.5.1 General Criteria

The basic function of all primary containment isolation valves is to
provide necessary isolation to the containment in the event of
accidents or similar critical conditions when the free release of
containment atmosphere cannot be permitted. The containment isolation
valves are listed on Table 5.2-4. This table also defines the valve
status (normally open or normally closed) during normal reactor
operation and shows the signals required to initiate their desired
operation. The primary containment isolation valves are grouped into

four basic classes.

Class A valves are on process lines that communicate directly with the
rpactor vessel and penetrate the primary containment. These lines
require two valves in series, one inside the primary containment and
one outside the primary containment. They are located as close to the
primary containment boundary as practical. Except in the case of check
valves, both valves shall close automatically on isolation signal.
Both valves shall receive the isolation (closure) signal even if
normally closed during reactor operation. Since cueck valves close on
reverse process flow, they are used to isolate some incoming lines.
A1l Class A valves except check valves are capable of remote manual
control from the control room.

Class B valves are on process lines that do not directly communicate
with the reactor vessel, but penetrate the primary containment and
communicate with the primary containment free space. These lines
require two valves, in series, both of them located outside the
primary containment, and as close to the primary containment boundary
as practical. Except in the case of check valves, both valves close
automatically on isolation signal. Both valves receive the isolation
closure signal even if normally closed during reactor cperation. See
Table 5.2-4 for valve status during reactor operation. A1l Class B
valves except check valves are capable of remote manual control from
the control room.

Class C valves are on process lines that penetrate the primary
containment but do not communicate directly with the reactor vessel,
with the primary containment free space, or with the environs. Class
C lines require only one valve which closes automatically by process
action (i.e., reverse flow) or by remote manual operation from the
control room (Reference 6, Section 5.2.9).

Motive power for the valves on process lines which require two valves
shall be from physically independent sources to provide a high
probability that no single accidental event could interrupt motive
power to both closure devices.

5.2-10 Revision 13 - June 1991
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variations to the above .‘efinitions are referenced on Table 5.2-4 by
their class designations followed by an "X" suffix. The lines in this
class are generally instrument iine; or lines used for core cooling.

Automatic isolation valves, in the usual sense, are not used on the
inlet lines of the Reactor Core and Containment Cooling Systems and
Reactor Feedwater Systems, since operation of these systems is
essential following a design basis LOCA. Since normal flow of water
in these systems is inward to the reactor vessel or to the primary
containment, check valves located in these lines will provide
automatic isolation, if necessary.

No automatic isolation valves are provided on the Control Rod Drive
System hydraulic lines. These lines are isolated by the normally
closed hydraulic system control valves located in the Reactor
Building, and by check valves comprising a part of the drive
mechanisms.

TIP lines and small diameter instrument lines are not provided with
automatic isolation valves.

5.2.3.5.2 Additional Considerations

Effluent lines such as main steam lines, which connect to the reactor
vessel or which are open to the primary containment, have air-powered
valves. This arrangement provides a high reliability with respect to
functional performance. These valves are closed automatically by the
signals indicated on Table 5.2-4.

The MSIV's are also connected to the aitrogen supply system. This
redundant source of MSIV actuation results in greater system
reliability.

TIP system guide tubes are provided with an isolation valve which
closes automatically upon reccipt of proper signal and after the TIP
cable and fission chamber have been retracted. 1In series with this
isolation valve, an additional or backup isolation shear valve is
included. Both valves are located outside the drywell. The function
of the shear valve is to assure integrity of the containment in the
unlikely event that the other isolation valve should fail to close or
the chamber drive cable should fail to retract if it should be
extended in the guide tube during the time that containment isolation
is required. This valve is designed to shear the cable and seal the
guide tube upon an actuation signal. Valve position (full open or
full closed) of the automatic closing valves will be indicated in the
control room. Each shear valve will be operated independently. The
valve is an explosive type valve and each actuating circuit is
monitored. In the event of a containment isolation signal, the TIP
system receives a command to retract the traveling probes. Upon full
retraction, the isolation valves are then closed automatically. If a
traveling probe were jammed in the tube run such that it could not be
retracted, instruments would supply this information to the operator,
who would in turn investigate to determine if the shear valve should
be operated.
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The two 18 in purge and vent line pipe entrances into the drywell have
been provided with baffle plates to prevent debris from entering the
lines during an accident. Any debris would threaten the ability to

close the applicable isolation valve.

The N, makeup +nd vent {isolation valves are used to relieve high
drywell pressure during nonaccident conditions. However, these valves
may be used after an accident provided the required power supplies are
available and a low-low water level signal is not present. Section
5.4.3 describes the N, makeup and vent valves used following an

accident condition.

Lines, such as those of the RBCCWS which do not connect to the Reactor
Primary System or open into the primary containment, are provided with
at least one ac-powered valve on the effluent line and a check valve

on the influent line.

The Control Rod Hydraulic System is provided with three valves which
can be utilized for isolation purposes. The first is a ball check
valve which comprises an internal portion of the control drive
mechanism. The other valves are normally c¢losed hydraulic system
control valves located in the Reactor Building.

5.2.3.5.3 Instrument Piping Connected to the Reactor Primary System

Instrumentation piping connecting to the Reactor Primary System which
leaves the primary containment is dead-ended at instruments located in
the Reactor Building. These lines are provided with flow limiting
orifices, manual isolation valves, and excess flow check valves.

Instrument sensing lines that originate within the reactor coolant
pressure boundary and penetrute the primary containment are 1 in dia
seismic Class I lines: 1/4 in dia orifices are installed in each of
these lines inside the primary containment. This orifice size was
selected to provide the same effective fluid cross sectional area as
the excess flowcheck valves when fully open. A manually operated stop
valve and excess flowcheck valve are installed in each line
immediately outside, and as close as practicable to the primary
containment consistent with the reguirement for access to the stop
valve. The combination of orifice and excess flowcheck valve will
reduce leakage to as low a value as practicable in the unlikely event
of line failure. A line failure downstream of the excess flow check
valve will result in a maximum leakage rate of 2 gpm prior to
actuation. A failure of the excess flowcheck valve body or the
instrument line upstream of this valve would result in a maximum
leakage rate of 20 gal/min. In each of these instances the leakage is
well within the capability of the Reactor Coolant Makeup System.
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The amo =t of steam released to the Reactor Building from a
20 gal/min leak would not result in a failure of secondary
containment. If the Reactor Building 1s not isolated, there would
not be any significant pressure rise due to the relatively high
Reactor Building ventilation exhaust rates. If the Reactor Building
is isolatad, the operation of one standby gas treatment filter train
will prevent Reactor Building pressure from exceeding 1its design

value.

An analysis of the potential offsite exposure that would result from
a 20 gal/min leak into the Reactor Building has been performed. Such
a leak corresponds to an assumed failure of an instrument line
outside the primary containment but upstream of the excess flowcheck
valve. It was assumed in the analysis that manual shutdown and
depressurization would be initiated within 30 min. The delay of

5.2-12a Revision 4 - July 1984



PNPS-FSAR

30 min is extremely conservative considering the numerous ways such a
leak may be detected.

The analysis assumed that steam from the leak would be released to
the environment through the normal ventilation path until the reactor
had been depressurized. Based on these assumpticns, the total dose
at the site boundary for the duration of exposure was computed to be
0.15 rem to the thyroid, which is substantially below the guidelines
of 10CFR100.

Pressure retaining welds of instrument sensing lines that are part of
the reactor coolant pressure boundary receive magnetic particle or
liquid penetrant examination of the last pass.

Instrument line "bundles" are routed so as to minimize the potential
for accidental damage. They are generally routed high 1in
compartments to ensure they are not stepped on or otherwise damaged.
The lines are equipped with flow limiting orifices and excess
flowcheck valves and are of the same size and schedule; therefore,
the possibility of one line causing failure in another 1is extremely

remote.

The containment penetrations for these sensing lines are shown on
Figure 5.2-12. The 10 in drywell penetration sleeve contains six,
equally spaced, 1 in, schedule 80 stainless steel instrument lines.
The manual isolation valves are 1 in stainless steel globe valves and
are located as close to the penetration as practical, consistent with
the need for access to the valve. The excess flowcheck valves close
automatically on flow in excess of 2 gal/min. Neither the manual
isolation valves nor the excess flowcheck valves are equipped with
position indicators. Regular monitoring of measured variables and
comparison between redundant instruments provides operating personnel
with sufficient information to identify malfunctioning or inoperative
instruments and sensing lines. Operating and/or testing procedures
will assure the operability of the safety related instrument lines
and their associated orifices and excess flow check flows.

An analysis was conducted to determine the amount of Reactor Building
ventilation that would be required to prevent exceeding the design
internal pressure of the Reactor Building for an instrument line
blowdown through a 1/4 in orifice. The required ventilation flow
rate under these conditions is approximately 2,000 ft3/min, which is
far below the available flow rate through either the normal Reactor
Building Ventilation System or the Standby Gas Treatment System
(SGTS). An instrument line failure will therefore not result 2in a
loss of integrity of the Secondary Containment System (SCS).

An estimate of the potential offsite exposure that would result from
an instrument line failure has been calculated. The assumptions
employed in this analysis were:

An instrument line failure occurs and results in an initial
blowdown of 2.2 lb mass/sec into the Reactor Building
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s This blowdown continues undiminished and undetected for a
period of 30 min

3. After a period of 30 min, the reactor is shut down,
depressurized, and cooled down at a controlled 100°F/hr

4. The water which flashes to steam is carried out of the
Reactor Building by the normal ventilation system for the
duration of the blowdown

5. The 1-131 concentration in the blowdown 1is 6.1 X 10-2
microcurie/ml and the total 1odine concentration is
1.6 x 10° microcurie/ml

6. The atmospheric diffusion factor (X/0) for a ground level
release, 500 m distance to site boundary, and wake dilution
factor of 3 is 5 x 10"% sec/m?

7. The breathing rate is 3.47 x 10°% m3®/sec

The above estimates assume that corrective action would not begin for
a period of 30 min. The detection of a sensing line break would be
almost immediate by one or a combination of the means listed below.
Proper corrective action would then be taken by the operating staff
in accordance with station procedures such that the leak would be
isolated or station shutdown and depressurization be initiated. It
is believed that it 1s not credible to assume no operator action
would be taken in 30 min to terminate the conseguences, and that the
analysis based on a 30 min allowance for these actions 1is very

|
|
|
|
\
\
i
i
conservative. ‘
|
Sensing line break detection means are:
|
|
\
|
|
|
\
\
\
|
|
|
|

) By a scram, annunciation, and possible instrument readouts
and/or initiation of reactor safeguards systems if rupture
occurred on a Reactor Protection System instrument line

2. By annunciation of the control funccion, either high or low
in the control room

. Operator comparing readings with several instruments
monitoring the same process variable such as reactor level,
jet pump flow, and steam pressure

4. By increases in area temperature monitor readings and high
temperuture alarms in the Reactor Building, and/or
ventilation exhaust air ducts

$. By a general increase in the area radiation monitor readings
throughout the Reactor Building

6. The leak should be audible either inside the Turbine

Building or outside the Reactor Building to the operating
staff members on a normal tour
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7. By detecting the leak as soon as an access door to the
Reactor Building is opened or approached

Routine surveillance and the multiplicity of detection methods on the
part of the operator as given in items 1 through 7 above, represent an
adequate means for detection of incipient or sudden failure of these
small diameter instrument lines and components.

5.2.3.6 Venting and Vacuum Relief System

1. General

The purpose of the vacuum relief valves is to equalize the pressure
between the drywell and suppression chamber and reactor building so
that the structural integrity of the containment is maintained. The
vacuum relief system from the pressure suppression chamber to reactor
building consists of two 100-percent vacuum relief breakers (2
parallel sets of 2 valves in series). Operation of either system will
maintain the pressure differential les¢ than 2.0 psig: the external
design pressure. One valve may be out of service for repairs for a
period of 7 days. If repairs cannot be completed within 7 days, the
reactor coolant system is brought to a condition where vacuum relief
is no longer reguired.

The capacity of the 10 drywell vacuum relief valves are sized to limit
the pressure differential between the suppression chamber and drywell
during post-accident drywell coolant operations to the design limit of
2.0 psig. They are siqu on the basis of the Bodega Bay pressure
suppression system tests ). The ASME Boiler and Pre sure Vessel
Code, Section 111, Subsection B, for this vessel allow; a 5 psig
vacuum:; therefore, with two vacuum relief valves sec